Previous studies provide conflicting results regarding the relation between future thinking and executive functioning during early childhood. Furthermore, little is known of the neural mechanisms involved in future thinking during early childhood.
| INTRODUC TI ON
Generating scenarios through future-oriented thinking is critical for goal directed behaviors (e.g., planning, decision-making, etc.). Such thinking may involve specific memory episodes of similar events, knowledge of how similar events typically occur, or a mixture of both (Atance & O'Neill, 2001; Tulving, 2002) . For example, when considering what you might have for breakfast tomorrow, you may think of what you ate today (specific episode), think of typical breakfast foods (knowledge), or both. Understanding the development of future-oriented thinking, and the associated cognitive and neural contributors, may provide critical insight into the development and structure of goal-directed behaviors. Emerging evidence suggests a possible connection between executive functions (EF; i.e., cognitive control processes; Miyake et al., 2000) and future oriented thought in children (Ünal & Hohenberger, 2017) . Although evidence exists of a behavioral connection between the two constructs during childhood, the underlying neural mechanisms are unknown. Of specific interest is the prefrontal cortex (PFC), a neural region that supports behaviors associated with goal attainment and executive functioning (Devilbiss, Spencer, & Berridge, 2016; Wolfe & Bell, 2004) ; however, little is known of the role of the PFC in the early development of future thought. Our study had two primary aims: first, to examine contributions of EF and frontal activity, measured through frontal scalp electroencephalogram (EEG) power during task, to early childhood (4 years) future thinking performance; and second, to examine whether frontal EEG activity during the future-thinking task moderates the relation between EF and future thinking performance.
Future-oriented thinking may be broken down into a dichotomy including episodic and semantic future thought (Atance & O'Neill, 2001 ). Episodic future thinking incorporates detail rich information (item and context) when forming future scenarios (e.g., imaging oneself at a future birthday party opening presents). Semantic future thinking (SFT) incorporates preexisting knowledge into possible future outcomes, but does not involve self-projection or mental time travel (e.g., knowing that birthday parties typically have balloons, so expecting balloons to be at a party). Children appear to acquire semantic abilities prior to episodic (Nelson, 2001) , with children as young as 3 years showing rudimentary semantic memory (Lucariello & Nelson, 1985) and semantic future thought (Prabhakar & Hudson, 2014) . To expand, Prabhakar and Hudson (2014) examined 3-and 4-year-olds' SFT abilities using a script involving a birthday party and a tabletop three-dimensional model of a neighborhood. They found that 4-year-old children were able to maintain larger quantities of information (six locations) than 3-year-old children (four locations).
They did not, however, look at the possible contributors to SFT performance. Our study was designed to replicate and expand on the findings of Prabhakar and colleagues by examining both cognitive and neural contributors to SFT performance in 4-year-old children.
EFs are higher order cognitive control processes, meaning EF allows for top-down control of cognition (Miyake et al., 2000) . For example, EF is involved in problem solving (Zelazo, Carter, Reznick, & Frye, 1997) , goal attainment (Novakovic-Agopian et al., 2011) , and attentional control (Kaplan & Berman, 2010) . EF abilities develop rapidly during early childhood, with significant increases in performance being observed at age 4 (Kerr & Zelazo, 2004; Zelazo et al., 2003) . The observed improvements in performance have made early childhood, especially between the ages of 3 and 5, a popular age range to examine EF development (e.g., Clark, Pritchard, & Woodward, 2010; Cuevas et al., 2014; Kirkham, Cruess, & Diamond, 2003) . We focused on age 4 given the rapid development of EF observed at this age. Furthermore, to better understand the relation between EF and future thinking, specifically SFT, we also examined the role of neural processes on future thinking performance.
As noted, the role of the PFC in the early development of future thinking has received little attention. The adult literature examining the neural underpinnings of future oriented thought suggests that the PFC is a critical component of a neural "core network" consisting of temporal, parietal and frontal regions (Schacter, Benoit, & Szpunar, 2017) . Further supporting the role of the PFC in future thinking, Peters and Büchel (2010) reported that dorsolateral prefrontal activity was associated with future-oriented thinking during a decision-making task. Little is known, however, of the neural mechanisms involved in childhood future thought. What is known is that the dorsolateral PFC is involved in EF (Smith & Jonides, 1999) , which has been behaviorally associated with childhood future-oriented thinking (Ünal & Hohenberger, 2017) . We examined frontal scalp activity within the child alpha (6-9 Hz) frequency band, which is associated with EF in children (e.g., Broomell & Bell, 2017; Swingler, Willoughby, & Calkins, 2011) . High alpha activity in childhood is associated with greater EF abilities (e.g., Swingler et al., 2011; Wolfe & Bell, 2004 . Thus, high levels of child alpha during a SFT task may reflect the degree of cognitive control used during the SFT task.
The PFC undergoes significant development during early childhood (Diamond, 2002; Paus et al., 2001 ). The neurological development of the PFC that occurs between the ages of 3 and 5 corresponds with changes in behavioral measures of cognition and memory during the preschool period (e.g., Diamond, 2002) . For example, at age 3, many children are unable to comprehend the rules of simple laboratory cognitive tasks, but by age 5 most children are proficient at these same tasks (Carlson, 2005) . This developmental pattern makes preschool an important time to investigate prefrontal activity during cognitive tasks, as variability in brain function can inform task performance in both adults (e.g., Baldassarre et al., 2012 ) and children (Blankenship & Bell, 2015; Wolfe & Bell, 2014) .
Evidence of the development that occurs during preschool is seen in the specific increases in medial prefrontal EEG power from baseline to working memory tasks that occurs in 4-year-olds, while a less localized cortical power increase with task performance is seen during a working memory task in infancy . Given the association of EF and PFC activity to future-oriented thinking, we examined the contributions of both EF and the PFC (via frontal EEG activity) to SFT.
The relation between preschool SFT and EF has not been examined, but the function of EF is theoretically similar for both episodic and semantic future oriented memory (Schacter, Addis, & Buckner, 2008) . Specifically, planning for the future requires remembering past information (semantic or episodic) and then organizing and using that information in anticipation of a future event. This type of prospective thinking, regardless of the type of past information used (semantic or episodic), would theoretically require working memory (organization of information), inhibitory control (suppression of immediate outcomes), and cognitive flexibility (anticipation of outcomes; Kliegel, Martin, McDaniel, & Einstein, 2002) . In terms of episodic future thinking, there are inconsistencies in the literature regarding the role of EF during early childhood, with some researchers suggesting that EF is crucial for future thinking abilities (Ünal & Hohenberger, 2017) , and others suggesting these constructs are not related during early childhood (Hanson, Atance, & Paluck, 2014) .
One potential reason for the inconsistencies is that EF may be related to future thinking performance under specific conditions (e.g., level of frontal EEG activity during future thinking tasks).
A substantial literature exists examining individual differences in cognition in relation to frontal EEG activity and EF performance (e.g., Alvarez & Emory, 2006; Sauseng, Klimesch, Schabus, & Doppelmayr, Klimesch, Schabus & Doppelmayr, 2005; Swingler et al., 2011; Wolfe & Bell, 2004 . A possible reason for the inconsistencies in links between EF and future thinking found in the developmental literature may be the lack of information regarding individual differences during SFT development. In fact, our understanding of the relation between EF and theory of mind, a construct theorized to be involved in future oriented thought (Russell, Alexis, & Clayton, 2010) , has greatly improved through methods incorporating individual differences (e.g., controlling for age, gender, verbal ability, etc.; Carlson & Moses, 2001) . One potential way to address the individual differences question in research on SFT is through examining the interactive function of PFC activity, measured using frontal EEG power, on the relation between EF and SFT. Such EEG methodology has successfully been used to examine the moderating role of frontal EEG asymmetry in the emotion regulation literature (e.g. Lopez-Duran, Nusslock, George, & Kovacs, 2012) . Given the relation of both frontal activation and EF to adults' future thinking performance (de Vito et al., 2012; Schacter et al., 2008) , and the literature suggesting informative interactions between cognitive and electrophysiological measures, it is possible that frontal EEG activity and EF interact to impact SFT performance. We propose that that if children have lower frontal EEG activity during future thinking then the relation between SFT and EF may not be detected, which is possibly what occurred in Hanson and colleagues' study (Hanson et al., 2014) . Given the relation between frontal activation and EF to future thinking in adults, we hypothesized that frontal EEG activity during our SFT task would moderate the relation between EF and SFT in a sample of 4-year-old children.
| ME THOD

| Participants
A total of 41 children were recruited for participation in this study using existing participant databases and flyers distributed in areas populated by young families, including parks, recreation centers, and daycare facilities. One child did not have EF data due to parental interference, resulting in a final sample of 40 children. Children were between 48 and 59 months at the time of appointment and no history of medical or psychological disorders. The average age of children included in the study was 4.46 years (SD = 0.30), the average age for mothers was 32.83 years (SD = 4.55), and for fathers 32.37 years (SD = 5.05). The parents of the sample were well-educated, as 75.6% of mothers and 73.2% of fathers had completed a college degree or higher (six sets of parents did not report education). In terms of ethnicity, 7.3% identified as Hispanic, 78% identified as non-Hispanic, and 14.6% did not report ethnicity. When asked about race, 4.9% of children were reported by their parents to be Asian, 2.4% Black or African American, 9.8% Other/Multiracial, and 82.9% Caucasian.
| Procedure
Upon arrival to the laboratory, parents consented and children assented to the protocol. After consent and assent, the EEG cap was placed and children completed the EF and SFT tasks. Children completed a series of additional cognitive tasks that were not part of the current study. As compensation for participation, parents received a $10 gift card and children received a small gift.
| EEG acquisition, processing, and analysis
EEG data were collected during all of the tasks; the focus here is on the EEG collected during the SFT task. Recordings were made from 26 left, right, and midline scalp sites [frontal pole (Fp1, Fp2), frontal (F3, F4, Fz, F7, F8), central (C3, C4), central frontal (FC1, FC2, FC5,   FC6 ), temporal (T7, T8), parietal (P3, P4, Pz, P7, P8), central parietal (CP1, CP2, CP5, CP6), and occipital (O1, O2)]. All electrodes were referenced to Cz during the recordings. We recorded EEG using a stretch cap (Electro-Cap, Inc.; Eaton, OH; E1-series cap) with electrodes in the 10/20 system pattern. We placed a small amount of abrasive gel into each recording site and gently rubbed the scalp.
We then added conductive gel to the recording sites. Electrode impedances were measured and accepted if they were below 20 KΩ.
The electrical activity from each lead was amplified using separate James Long Company Bioamps (James Long Company; Caroga Lake, NY). The EEG activity for each scalp electrode was displayed on the monitor of the acquisition computer. The signal was digitized online at 512 samples per second for each channel in order to eliminate the effects of aliasing. This calibration signal was digitized for 30 s and stored for subsequent analysis. The acquisition software used was Snapshot-Snapstream (HEM Data Corp., Southfield, MI) and the raw data were stored for later analyses.
EEG data were examined and analyzed using EEG Analysis software developed by the James Long Company. Average reference EEG data were then artifact scored for eye movements using a peakto-peak criterion of 100 μV or greater. Gross motor movements over 200 μV peak-to-peak were also scored. These artifact-scored epochs were eliminated from all analyses. The data were then analyzed with a discrete Fourier transform (DFT) using a Hanning window of 1-s width and 50% overlap. Based on research regarding, EF in childhood, we examined frontal (F3 and F4) regions within the child alpha (6-9 Hz) power band for our analyses (Marshall, Bar-Haim, & Fox, 2002) . We focused on the alpha power given its association with EF in adults and preschool children (e.g., Klimesch, Sauseng, & Hanslmayr, 2007; Wolfe & Bell, 2004) , and F3/F4 electrode sites because of their spatial proximity to the dorsolateral PFC (Herwig, Satrapi, & Schönfeldt-Lecuona, 2003) and their use in previous studies of PFC functioning (e.g., Blankenship & Bell, 2015; Gomot, Giard, Adrien, Barthelemy, & Bruneau, 2002) ; however, we acknowledge that specific spatial conclusions cannot be made when using EEG methodology. In early childhood, higher EEG alpha power values are associated with cognitive engagement through increases in EF performance (e.g., Wolfe & Bell, 2004 . EEG power during the learning phase of the SFT task (described below) was the measures of frontal EEG activity used in our analyses. We focused on EEG during the learning portion (composite across SFT conditions) of our task because it required less movement, resulting in fewer artifacts, than the test portion but still allowed for brain-related activity during the explicit formation and usage of memories associated with the SFT task (e.g., house location etc.). Because we had no hypotheses regarding hemisphere, we averaged across left and right hemisphere EEG power values for our analyses.
| Executive function task
The Dimensional Change Card Sort task (DCCS; Zelazo, 2006) is used as a measure of general EF ability during early childhood (Zelazo et al., 2014) . During the task, children were instructed to sort cards based on two dimensions (i.e., color and shape). First, children sorted six cards based on one dimension (preswitch). They were then instructed to switch and to sort the remaining six cards by another dimension (postswitch). Dimensions were counterbalanced throughout conditions and across children. Our variable of interest was the proportion of correct on postswitch responses.
| Semantic future thinking task
The SFT task was the one reported by Prabhakar and Hudson (2014) , with the inclusion of an additional condition. Children were introduced to two separate models; one at the beginning of the appointment and the other at the end of the appointment (counterbalanced). One model was of a neighborhood (Prabhakar & Hudson, 2014 ) and the other a playground. Buildings (neighborhood) and play equipment (park) were labeled based on their color and name (e.g., "The blue store is the toy store" or "The gray slide is the big kids' slide"). All building and play equipment locations were distinct from one another in terms of color.
Houses, stores, sandboxes, and slides were distinct shapes. There were two primary phases of the study, learning and test.
During the learning phase, the experimenter indicated what each of the shapes on the respective model represented, and the children were prompted to identify each location. For example, "Can you show me where the big kids' slide is?" and "This is Mary's sandbox." This was repeated until children were able to correctly identify all locations.
Then, the test phase began. Using the park condition as an example, children were given a target sandbox (final goal) and a target slide (subgoal). There were distractor sandboxes and slides in the model (i.e., four sandboxes and two slides). Children began by placing a doll at a starting location and were then told a story resulting in the two goal locations (subgoal and final goal). "Mary left her favorite Elsa doll at the big kids' slide. You want to give it back to her. Where should you go first?" The subgoal was moving the doll to the correct first location (i.e., big kid's slide). If the children correctly identified the subgoal, then the experimenter prompted the children to continue. "Where should you go next?" The final goal was the correct sandbox associated with the character (i.e., Mary's sandbox). Children were given two attempts at each location. If children were correct on their first attempt they received 2 points, and if they were correct on their second attempt they received 1 point (total of 4 points possible for each model). All children completed both versions of the task (neighborhood, playground; counterbalanced). There was ~30 min between the presentations of each SFT task to prevent carryover effects. Our variable of interest was the total number of points received across tasks (total of 8 points possible).
| RE SULTS
SFT performance was not correlated with frontal EEG power values during the learning portion of the SFT task or with EF performance.
Furthermore, EF performance was not correlated with frontal EEG during the SFT task. Table 1 Frontal EEG power and EF performance were entered into the first step of the equation, and the interaction term was entered into the second step.
| Interaction analyses
Frontal EEG activity during the learning phase of SFT task and EF performance in Step 1 separately accounted for a nonsignificant 6% of the variance in SFT performance. The variables in Step 2 accounted for an additional 14% of the variance in SFT performance, with frontal EEG, EF, and the interaction between frontal EEG and EF contributing unique variance (see Table 2 ). The interaction term was significant; we therefore probed the interaction.
We tested the interaction at three values (mean, +1SD, and -1SD) of the moderating variable (frontal EEG activity). Our low value was 1 SD below the mean EEG alpha power value, our medium value was the mean, and our high value was 1 SD above the mean (Aiken & West, 1991) . For EF and SFT values for low, medium, and high EEG power groups, see Table 3 . The simple slopes for the high, t (6) = 2.88, p = .006, and medium, t (13) = 2.98, p = .005, but not low t (17) = 0.50, p = .619, were significant. These results suggest that frontal EEG activity moderates the relation between EF and SFT, but TA B L E 2 Hierarchical regression analyses of the interaction between frontal activity and executive functioning on semantic future thinking performance only when the frontal EEG power values are high or medium, but not when they are low (see Figure 1 ).
| D ISCUSS I ON
The primary goal of our study was to examine the moderating role of frontal EEG activity on the relation between EF and SFT task in 4-year-old children. We hypothesized that frontal brain electrical activity would modulate the relation between EF and SFT. Our hypothesis was supported, with medium to high frontal EEG power values resulting in a stronger positive relation between EF and SFT performance. Our study provides emerging evidence of the relation between frontal EEG activity and future thinking performance in children. Furthermore, our results suggest that EF is related to SFT, but that this relation is conditional on the frontal EEG values during the learning portion of our SFT task.
Both EF and frontal brain activity are related to future thinking in adults (Baird, Smallwood, & Schooler, 2011; Schacter et al., 2017) ; however, research focused on early development of future thinking is mixed, with some researchers finding a relation between EF and future thinking performance in children (Ünal & Hohenberger, 2017) and others not (Hanson et al., 2014) . Our study is the first to report evidence of a moderation effect of frontal EEG activity on the relation between EF and SFT. This interaction may explain why some developmental studies have been unable to find a connection between EF and future thinking performance. In fact, the first step of our regression (without the interaction term) if examined alone would have suggested that neither frontal EEG nor EF contributes to SFT performance. The previous studies, however, specifically examined episodic future thinking and not SFT. Therefore, additional research is needed before concrete conclusions may be drawn connecting EF to episodic future thinking in early childhood.
Our study examined frontal EEG activity (i.e., low, medium, and high levels of brain electrical activity) within the child alpha rhythm (6-9 Hz). Our results suggest that low level alpha power does not interact with EF to impact SFT performance, but that medium and high levels of alpha power do. The interaction between medium and high frontal EEG power and EF performance may reflect children's recruitment of cognitive resources or effort during the SFT task,
given that increases in alpha power are associated with performance benefits during childhood (Watson & Bell, 2013; Wolfe & Bell, 2004 .
Children with low EEG power values during the learning phase of the SFT task performed well on the SFT task regardless of their EF abilities. This was an unexpected finding. Although it is typical for higher alpha power to be related to EF performance and thus cognitive control during early childhood (e.g., Wolfe & Bell, 2014) , lower alpha power is associated with these higher order processes in adults ) Sauseng, Klimesch, Doppelmayr, Pecherstorfer, Freunberger, & Hanslmayr, 2005 . This age-related difference in how alpha power relates to cognitive performance may be related to alpha being at the 6-9 Hz level for children (Saby & Marshall, 2012) and at the 8-13 Hz level for adults. This finding may suggest that children with low alpha power values were engaging in more mature encoding strategies during the SFT task, and thus may not have relied as heavily on EF to aid in SFT performance. An alternative explanation is that our results are a product of high performance during the EF task (M=.89). Future studies should examine this relation using a more diverse sample, thus increasing performance variability.
There were some limitations to our work. First, we focused on semantic-based future oriented processes given children's success with such tasks early in development (Prabhakar & Hudson, 2014) .
Future studies should use our moderation model to examine episodic future orienting thinking in children. Given that episodic and semantic memory are dissociable processes (Vargha-Khadem et al., 1997), it is possible that different interaction patterns will be found when examining episodic future thinking. Second, we only used one measure of SFT. We did administer two versions of our SFT task, whereas other studies have used multiple future thinking measures when assessing SFT during early childhood (e.g., Hanson et al., 2014) . Future studies should replicate our results using multiple measures of SFT.
Third, similar to SFT, we only used one measure of EF. Although the DCCS task has been argued to measure general EF ability (Zelazo et al., 2014) , others argue that the DCCS primarily measures cognitive F I G U R E 1 Interaction between frontal activation and executive functioning on semantic future thinking. High and medium levels of frontal activation significantly moderated the relation between executive functioning and semantic future thinking.
flexibility (Kloo, Perner, Aichhorn, & Schmidhuber, 2010) . In order to mitigate concerns regarding task specificity, future studies should replicate our results using multiple measures of EF. Fourth, we measured EEG activity during the learning portion of our SFT task. Thus, the EEG activity reflects the formation of information that was later used during the task, but it does not reflect activity during the actual test portion of SFT task. We propose that the learning portion still occurred within the context of the SFT task, and thus provides information regarding activity during future thinking. Future studies should examine EEG for both learning and test portions of a SFT task. Finally, our sample lacked variability in terms of race and parent education level, with the majority of children being Caucasian with highly educated parents. Future studies should examine children from more diverse backgrounds to increase the generalizability of our results.
Our study provides emerging evidence for the role of EF and frontal EEG activity in SFT performance during early childhood.
Specifically, frontal EEG power values during the learning portion of the SFT task moderated the relation between EF and SFT performance in a sample of 4-year-old children. These results inform literature examining the mechanism associated with future-oriented thinking in early childhood. 
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